
i .. 

- 
r4 
0 
9 

z 
n 

d 
n 

. '  

I 

B E L L C O M M ,  INC. 
955 L'ENFANT PLAZA NORTH, S.W. WASHINGTON, D. C. 20024 B70 04031 

(CODE) 

SUBJECT: An Analysis  of t h e  Capab i l i t y  DATE: A p r i l  6 ,  1 9 7 0  
t o  Perform t h e  Apollo 1 3  
F r a  Mauro Traverses  - C a s e  320 FROM: T. A. Bottomley 

I 

ABSTRACT 

The a t t ached  memorandum examines t h e  c a p a b i l i t y  of t h e  
Apollo 1 3  a s t r o n a u t s  t o  accomplish t h e  s i x  EVA t r a v e r s e s  r e c e n t l y  
developed by MSC and U S G S  f o r  t h r e e  landing  si tes a t  Fra  Mauro. 

The e v a l u a t i o n  w a s  based on t h e  hypothes is  t h a t  t h e  
t o t a l  energy r equ i r ed  t o  perform a s p e c i f i c  t a s k  i s  a c o n s t a n t  
and equa l  t o  t h e  product  of t ask  t i m e  and work ra te .  This  
r a t i o n a l e  w a s  app l i ed  t o  each EVA t o  determine average metabol ic  
ra te  and t i m e  as boundary condi t ions  f o r  two modes of ope ra t ion .  
One mode assumes t h e  EVA i s  accomplished i n  minimum t i m e  a t  high 
work ra tes ;  t h e  o t h e r  mode assumes t h a t  t a s k  t i m e  i s  r e l axed  t o  
permit  t h e  work t o  be performed a t  lower energy l e v e l s .  The 
t i m e s  and energy rates used a r e  based l a r g e l y  on d a t a  from 1 / 6  g 
s imula t ions  and t h e  Apollo 11 and 1 2  mission r e s u l t s .  

The EVA requirements w e r e  compared wi th  t h e  consumables 
capac i ty  of t h e  -6 PLSS and the  fol lowing conclus ions  w e r e  reached: 

1) The i n i t i a l  t r a v e r s e  (EVA I )  can be performed a t  any of 
t h e  t h r e e  landing l o c a t i o n s  provided t h a t  oxygen leakage and h e a t  
l eak  i n  are near  zero .  

2 )  The second planned t r a v e r s e  (EVA 11) appears  f e a s i b l e  
a t  Landing S i t e  # 3 ,  may be f e a s i b l e  with ze ro  margin a t  Landing 
S i t e  #1 and does n o t  appear t o  be f e a s i b l e  a t  Landing S i t e  # 2  
assuming.no oxygen leakage or h e a t  leak i n  occurs .  This  f i n d i n g  
a l so  assumes d e l e t i o n  of t h e  a l t e r n a t e  sc i ence  l o c a t i o n s  inc luded  
on EVA I1 a t  Landing S i t e  #l. 

3 )  I t  does n o t  appear f e a s i b l e  t o  accomplish any of t h e  
EVA'S as planned i f  oxygen leakage and h e a t  l e a k  i n  approach 
maximum s p e c i f i c a t i o n  va lues .  

The  planned EVA t r a v e r s e s  a r e  ambit ious and, i f  
executed wi th  due cons idera t ion  t o  t h e  apparent marginality 
i n  l i f e  suppor t  consumables, w i l l  r e t u r n  data  which w i l l  be 
very  u s e f u l  i n  planning f u t u r e  miss ions .  
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MEMORANDUM FOR FILE 

INTRODUCTION 

The Apollo 1 3  EVA t r a v e r s e s  developed by USGS and MSC 
f o r  t h e  t h r e e  p o t e n t i a l  LM landing l o c a t i o n s  a t  Fra  Mauro have 
been reviewed t o  assess t h e  LM c r e w ' s  c a p a b i l i t y  t o  accomplish 
a l l  of t h e  s c i e n t i f i c  o b j e c t i v e s  of t h e  mission.  The t r a v e r s e  
maps and a c t i v i t i e s  planned du r ing  each EVA are covered i n  
Attachment A.  (1) 

This  review was made wi th  t w o  s p e c i f i c  purposes i n  
mind. One was t o  assess t h e  -6 P o r t a b l e  L i f e  Support  Systems' 
consumables margins f o r  each Apollo 13 EVA based on d a t a  obta ined  
from ground-based tests and t h e  Apollo 11 and 1 2  miss ions .  The 
o t h e r  w a s  t o  l a y  groundwork f o r  determining i f  t h e  a p p l i c a t i o n  of 
a l i m i t e d  se t  of q u a n t i t a t i v e  g u i d e l i n e s  i s  good enough t o  p r e d i c t  
EVA t i m e  and energy requirements  wi th  s u f f i c i e n t  accuracy t o  p l a n  
f u t u r e  mission t r a v e r s e s .  Comparison of t h e s e  p r e d i c t i o n s  wi th  
t h e  a c t u a l  Apollo 13 r e s u l t s  w i l l  be made subsequent t o  t h e  
mission.  

METHOD OF ANALYSIS 

The r a t i o n a l e  used  i n  making t h e  a n a l y s i s  i s  based on 
t h e  fol lowing hypotheses: 

(1). The t o t a l  energy r equ i r ed  t o  perform a given t a s k  
i s  e s s e n t i a l l y  cons t an t .  

( 2 )  The energy expendi ture  ra te  f o r  performing t a s k s  
w i l l  be between t h e  nominal se l f -paced  l i m i t s  of 
900  and 1 2 0 0  Btu/hr. 

From (1) above, i t  follows t h a t  t h e  t i m e  r equ i r ed  t o  
perform a given t a s k  w i l l  vary i n v e r s e l y  wi th  t h e  energy expend- 
i t u r e  ra te .  F i n a l l y ,  it i s  assumed t h a t  any t a s k  performed a t  a 
metabol ic  r a t e  h igher  than  1 2 0 0  Btu/hr w i l l  be followed by res t .  
I n  t h i s  case, t h e  t i m e  and energy ra te  f o r  rest a r e  inc luded  i n  
t h e  energy cost of t h e  t a s k .  
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The r a t i o n a l e  w a s  appl ied  t o  t h e  Apollo 13  t r a v e r s e s  i n  
t h e  fo l lowing  manner: 

(a)  Each traverse w a s  broken down i n t o  t h e  major a c t i v i t i e s  
of overhead, t r a v e l ,  ALSEP deployment (EVA I on ly )  and 
sc i ence .  

(b)  Science w a s  f u r t h e r  sub-divided i n t o  f o u r  main t a s k s .  
The tasks w e r e  (1) selected and documented sampling, 
( 2 )  panoramic photography, ( 3 )  c o r e  sampling and ( 4 )  
t h e  o u t p o s t  a c t i v i t i e s  d e t a i l e d  on t h e  a s t r o n a u t s '  
cuff  c h e c k l i s t s .  A l l  other  a c t i v i t i e s ,  i nc lud ing  
rest ,  are assumed t o  be covered i m p l i c i t l y  i n  t h e s e  
des igna ted  ac t iv i t i e s .  

(c )  Each t r a v e r s e  w a s  then eva lua ted  i n  a two-step manner 
t o  e s t a b l i s h  t h e  upper and lower bounds f o r  t o t a l  
t i m e  and workload f o r  each EVA as fo l lows:  

1) The a s t r o n a u t  is  assumed t o  expend energy 
a t  a ra te  near  t h e  upper l i m i t  f o r  s e l f -  
paced work ( i . e .  1 2 0 0  Btu/hr) i n  o r d e r  t o  
complete t h e  travel and s c i e n t i f i c  t a s k s  
i n  t h e  minimum a l l o t t e d  t i m e .  

2 )  Using t h e  t o t a l  energy c o s t  computed f o r  
t h e  minimum-time EVA a s  a base, t h e  t i m e  
r equ i r ed  f o r  travel and performance of 
s c i e n t i f i c  t a s k s  i s  r e l axed  by 20% i n  
o rde r  t o  de r ive  t h e  t o t a l  t i m e  and average 
metabolic rate which would r e s u l t  f r o m  a 
more l e i s u r e l y  EVA. 

Complete d e t a i l s  of t h e  r a t i o n a l e ,  i nc lud ing  t h e  t i m e  and energy 
a l l o c a t i o n s  and t h e  bases  for t h e s e  a l l o c a t i o n s ,  are provided i n  
Attachment B. 

DISCUSSION OF RESULTS 

S ix  t r a v e r s e s  ( t w o  f o r  each landing  s i t e )  w e r e  eva lua ted  
t o  provide  e s t i m a t e s  of t h e  t o t a l  metabol ic  energy and t i m e  r equ i r ed  
t o  perform t h e  Apollo 13 EVA'S. Deta i led  breakdowns of t h e  esti-  
mated t i m e  and energy requirements are shown on Tables 1, 2 and 3 
fo r  the three landing  s i tes ,  r e s p e c t i v e l y .  The r e s u l t s  of t h e  analy-  
ses are summarized i n  Table A and d i scussed  i n  t h e  paragraphs below. 
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TABLE A 

SUMMARY OF RESULTS 

T i m e  ( H r s )  
LANDING SITE #1 Min. Max. 

EVA I (nom.) 4.1 4 . 9  
EVA I ( a l t . )  4.5 5.4 

EVA I1 (nom.) 4 . 4  5.3 
EVA I1 (a l t . 1  4 . 9  5.9 

LANDING S I T E  # 2  

Btu ' s 
Req'd* Margin** 

4070 +730 
4610  +190 

5000 -200  
5610 -810 

EVA I 4 . 1  4 . 9  
EVA I1 4 . 7  5.7 

LANDING SITE # 3  

4100  +700 
5360 -560 

EVA I 
EVA I1 

4 . 2  5.1 
4 . 2  5.0 

4 2 4 0  +560 
4740  + 60 

*Inc ludes  20 minutes ( 4 0 0  B t u ' s )  reserve 
**Based on -6 PLSS metabol ic  energy capac i ty  of 4800 B t u ' s .  

Comparison of t o t a l  energy requirements  f o r  a traverse 
wi th  t h e  a l l o c a t e d  metabol ic  capac i ty  of t h e  -6 PLSS i n d i c a t e s  
t h a t  more consumables margin w i l l  be a v a i l a b l e  than  a c t u a l l y  i s  
t h e  case i f  t h e  average metabolic ra te  approximates 1 2 0 0  Btu/hr 
and t h e  EVA d u r a t i o n  exceeds four  hours.  This r e s u l t  i s  because 
t h e  oxygen and water q u a n t i t i e s  are s i z e d  t o  s a t i s f y  s p e c i f i e d  
maximum f i x e d  c o s t s  f o r  oxygen leakage and h e a t  in - leak  f o r  a 
nominal four-hour excursion i n  a d d i t i o n  t o  requirements  f o r  m e t -  
a b o l i c  energy expended a t  t h e  ra te  of 1 2 0 0  Btu/hr. I f  oxygen 
leakage and h e a t  l eak  i n  are below s p e c i f i c a t i o n  l i m i t s  (0.0354 
l b s / h r  and 250 Btu/hr, r e s p e c t i v e l y )  t h e  e x t r a  consumables can 
be added t o  t h e  4800 Btu m e t a b o l i c  a l l o c a t i o n .  Conversely, if 
t h e  a c t u a l  metabol ic  r a t e  average i s  below t h e  des ign  va lue  of 
1 2 0 0  Btu/hr, t h e  s u r p l u s  oxygen and water can be r eas s igned  t o  
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f i x e d  c o s t  s u p p l i e s .  The e x i s t e n c e  of e i t h e r  s i t u a t i o n ,  or both 
a t  t h e  s a m e  t i m e ,  w i l l  permit  extending EVA d u r a t i o n  beyond t h e  
nominal 4-hour des ign  goa l .  

F igures  1, 2 and 3 show t h e  es t imated  requirements  and 
margins f o r  t h e  EVA's a t  Landing Si tes  1, 2 and 3 ,  r e s p e c t i v e l y ,  
with r e s p e c t  t o  t h e  t o t a l  consumables i n  t h e  -6 PLSS f o r  both 
z e r o  and s p e c i f i c a t i o n  leakage cases. I n t e r e s t i n g l y ,  t h e  r e s u l t s  
f o r  t h e  no-leak case are almost i d e n t i c a l  t o  those  ob ta ined  when 
requirements  w e r e  weighed a g a i n s t  t h e  -6 PLSS metabol ic  a l l o c a t i o n .  

Of more i n t e r e s t  (and concern)  i s  t h a t  none of t h e  plan- 
ned EVA's appear t o  be f e a s i b l e  i f  oxygen leakage and h e a t  leak  i n  
approach s p e c i f i e d  maximum l i m i t s . "  The p r o b a b i l i t y  t h a t  t h e s e  con- 
d i t i o n s  w i l l  e x i s t  i s  much g r e a t e r  on t h e  second EVA due t o  wear 
and s o i l i n g  of t h e  EMU a s  t h e  mission progresses .  

F i n a l l y ,  s i n c e  t h e  r a t i o n a l e  assumes a l i n e a r  i n v e r s e  
r e l a t i o n s h i p  between t a s k  t i m e  and metabol ic  ra te ,  and t h e  oxygen 
and water  consumption curves a r e  non- l inear ,  some of t h e  nega t ive-  
margin EVA's appear f e a s i b l e  i f  t h e  a s t r o n a u t  works e i t h e r  very 
hard o r  very l i t t l e .  N e i t h e r  of t h e s e  approaches i s  recommended 
s i n c e ,  i n  t h e  former case ,  f a t i g u e  e f f e c t s  would s h i f t  t h e  a c t u a l  
r e l a t i o n s h i p s  and, i n  t h e l a t t e r  case, t h e  t i m e  i n  t h e  p r e s s u r i z e d  
s u i t  would be excess ive .  

CONCLUSIONS 

Based on t h e  r a t i o n a l e  which w a s  used t o  make t h e  a n a l y s e s ,  
and assuming no oxygen leakage and no h e a t  l eak  i n ,  t h e  fo l lowing  
s p e c i f i c  conclus ions  w e r e  reached. 

1) All of t h e  f i r s t  EVA's (EVA I )  c u r r e n t l y  planned f o r  each 
of the three p o t e n t i a l  landing s i tes  appear  f e a s i b l e  inc lud ing  
t r a v e l  t o  t h e  Star  r i m  ( l o c a t i o n  w ) ,  des igna ted  as an a l t e r n a t e  f o r  
EVA I a t  Landing S i t e  #l. Estimated t i m e s  f o r  completion of a l l  
EVA I ' s ,  n o t  i nc lud ing  t h e  a l t e r n a t e  l e g ,  range from approximately 
4 hours  (minimum) t o  5 hours  (maximum). 

2) The second EVA's (EVA 11) from Landing S i t e s  #1 and # 2  
do n o t  appear t o  be f e a s i b l e  i f  t h e  a l t e r n a t e  l e g s  a t  S i t e  #1 a r e  
n o t  d e l e t e d .  If t h e  a l t e r n a t e  l e g s  a r e  d e l e t e d ,  EVA I1 from Land- 
i n g  S i t e  #1 appears  f e a s i b l e  with ze ro  PLSS margin. EVA 11 from 
Land i r iy  S i t e  si3 appears f e a s i b i e .  

*The t i m e s  and metabol ic  rTkes developed by t h e  program f o r  
EVA I and I1 a t  Landing S i t e  #1 l e a d  t o  t h e  same conclusion.  
The d a t a  are provided i n  Table 4 and p l o t t e d  on Figure  1. 
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I n  g e n e r a l ,  a l l  EVA's  should p l an  f o r  t r a v e r s i n g  s l o p e s  
c i r c u i t o u s l y  (e .g . ,  zig-zag or s p i r a l  p a t h )  t o  avoid i n c l i n a t i o n s  
s t e e p e r  than  10'. I n  addi t ion ,  d e l e t i o n  of a l t e r n a t i v e  s c i e n c e  
and t r a v e l  l e g s  from t h e  t r a v e r s e  p l ans  carried by t h e  crew may 
be d e s i r a b l e  t o  avoid confusion between t h e  c r e w  and t h e  ground. 

I t  w a s  found a l s o  t h a t  a l l  of t h e  EVA ana lyses  are much 
more s e n s i t i v e  t o  t h e  t i m e  requi red  f o r  s c i e n t i f i c  tasks  than  f o r  
t r a v e l .  T h i s  factor  may make t h e  a c t u a l  Apollo 13  EVA I1 excur- 
s i o n  " t ime- l ine  dr iven" .  T h a t  i s ,  t h e  pace may be fo rced  by t h e  
t i m e s  a l l o t t ed  f o r  t h e  t a s k s  i n  order t o  s t a y  on schedule .  A s  a 
r e s u l t ,  energy rates f o r  s p e c i f i c  t a s k s  may a c t u a l l y  be h ighe r  
than  a n t i c i p a t e d  and observa t ions  and documentation are l i k e l y  t o  
be less thorough a s  t h e  EVA progresses .  

While t h e  planned t r a v e r s e s  are very  ambi t ious ,  they  
should r e t u r n  d a t a  which are more meaningful f o r  planning f u t u r e  
l u n a r  landing  E V A ' s  than t h e  da t a  obta ined  on Apollo 11 and 1 2 .  
Therefore ,  except  f o r  de l e t ion  of t h e  a l t e r n a t e  l e g s  as suggested 
above, t h e  Apollo 1 3  a s t r o n a u t s  should a t tempt  t o  fo l low t h e  
traverses a s  planned. C e r t a i n  a c t i v i t i e s  scheduled a f te r  comple- 
t i o n  of t h e  t a s k s  a t  t h e  ou tpos t  l o c a t i o n s ,  however, should be 
pre-designated as s p e c i f i c  candidates  f o r  d e l e t i o n  i n  realtime i f  
t i m e  and energy expendi tures  approach t h e  margin r equ i r ed  f o r  s a f e  
r e t u r n .  

2032-TAB-tla 
J T. 0.6- A. Bottomley 

Attachments 
A & B  
Tables I ,  I1 & I11 
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ATTACHMENT B 

BELLCOMM. INC. 

RATIONALE FOR TRAVERSE ANALYSIS 

The fo l lowing  assumptions provide t h e  bases  f o r  e v a l u a t i n g  t h e  
Apollo 13  EVA t r a v e r s e s :  

1. The energy cost f o r  each EVA t a s k  i s  a c o n s t a n t .  Therefore ,  
work t i m e  can be t r aded  off a g a i n s t  work rate. 

2 .  The a s t r o n a u t ' s  a c t u a l  average energy expendi ture  over  t h e  
EVA mission w i l l  be between 900 and 1 2 0 0  Btu/hr. 

3. Task a c t i v i t i e s  a r e  broken down i n t o  f o u r  major c a t e g o r i e s :  

(1) Overhead a t  the  LM 

( 2 )  Trave l  ( inc luding  ALSEP t r a v e r s e )  

(3)  ALSEP deployment 

( 4 )  Science t a s k s  a t  t h e  t r a v e r s e  s t a t i o n s  

I. Overhead 

4 .  Overhead t i m e  and energy are computed as fo l lows  and inc lude  
20 minutes (400  Btu) r e s e r v e .  

EVA 1 

EVA 2 

R a t e  Tota l  - T i m e  

2 . 2  h r s ( 2 )  1 0 0 0  Btu/hr 2200  B t u ' s  

1 .5  h r s ( * )  1 0 0 0  Btu/hr 1500 B t u ' s  

11. Travel  

5. T h e  r e l a t i o n s h i p  between energy r a t e  and walking speed i s  
l i n e a r  over t h e  v e l o c i t y  range 2 t o  5 km/hr.(3) 

a )  The minimum cost i s  400  Btu/km t r a v e l e d .  (3  1 

b )  The maximum c o s t ( a d j u s t e d  for  wander, s lope  <loo, and l o a d )  
- i s - a s s i i m e i i  I - - -- - - - - +_- 5QQ Etfi , /k~. trayvr=l=d. 

c )  The assumed v e l o c i t y  i s  3 km/hr (1.8 mph) i n  a l l  cases. ( 3 )  

6. A l l  s l opes  can be t r ave r sed  a t  an i n c l i n a t i o n  <loo. There- 
f o r e  t r a v e l  d i s t a n c e  is  a r b i t r a r i l y  inc reased  fo r  s lope  exceeding l o o .  



BELLCOMM. INC. 

ATTACHMENT B (CONT'D)  

- 2 -  

111. ALSEP Deployment 

t i m e  and energy c o s t s  a r e  f ixed  a t  
7. ALSEP deployment does n o t  i nc lude  deployment t r a v e l .  The 

T i m e  R a t e  B t u  I s  

15/Btu/min ( 4 )  1 2 0 0  ( 4 )  8 0  min 

rv. Science 

8 .  Science i s  broken down i n t o  f o u r  major t a s k s  as fo l lows:  

(1) Sampling (s) 

(2) Panoramic PhotQgraph (P) 

( 3 )  Core sampling (C)  

( 4 )  Outpost t a s k s  (0) 

N o  o t h e r  t a s k s  are a l l o t t e d  f o r .  

9 .  T ime  and energy c o s t s  f o r  t h e  f o u r  s c i e n c e  t a s k s  are 
i n i t i a l l y  a l l o t t e d  a s  fol lows:  

T i m e  [mini 

S 5 

Rate (Btu/min) 

20  

P 5 20  

C 5 

0 30 (5 )  

20  

20 

U s e  of t h e s e  va lues  w i l l  provide t h e  minimum t i m e  EVA a t  
an average energy expendi ture  of 1 2 0 0  Btu/hr. A maximum t i m e  
(minimum energy)  EVA i s  computed by i n c r e a s i n g  t r a v e l  and s c i e n c e  
t i m e s  only by 2 0 % .  

1 0 .  T ime  and energy c o s t s  f o r  a l l  t a s k s  a r e  assumed equa l  f o r  
t h e  two a s t r o n a u t s ;  t h a t  i s ,  both s h a r e  i n  a l l  t a s k s  and t h e  work- 
load i s  equa l ly  d iv ided  over  the  EVA pe r iod .  



TABLE I 

SUMMARY OF EVA COSTS - APOLLO 13 - 

LANDING S I T E  #1 

A .  EVA I 

O v e r h e a d  

A L S E P  

Trave l  (0.68 km) 

Science (3s + 1P) 
N o m i n a l  M i n i m u m  

Nominal Maximum 

+ A l t .  T rave l  

+ A l t .  Science (1s) 

A l t e r n a t e  Minimum 

A l t e r n a t e  Maximum 

B. EVA I1 

O v e r h e a d  

Trave l  (2.75 + .75km)** 
Science (7s + 5P + 3C + 0) 

N o m i n a l  M i n i m u m  

N o m i n a l  Maxj .mum 

+ A l t .  Trave l  (0.03 km) 
(0.25 km) 

+ ~ l t .  Science (2s) 
(2s + 1 P )  

A l t e r n a t e  Minimum 

A l t e r n a t e  Maximum 

Time ( m i n )  

132 

80 

14 

20 - 
246 (4.1)* 

294 (4.9)" 

22 

5 - 

B t u  I s  

2200 

J200 

270 

400 

4070 

4070 

440 

100 

273 (4.5)* 4610 

326 (5.4)* 4610 

90 1500 

70 1400 

105 2100 

265 (4.4)* 5000 

- 

318 (5.3)* 5000 

6 110 

25 500 
296 (4.9)" 5610 
- 

355 ( 5 . 9 ) *  5610 

* H o u r s  
**Increment fo r  a scend ing  s lope  >loo a t  C o n e  R i m .  



TABLE I1 
SUMMARY O F  EVA COSTS - APOLLO 1 3  

L A N D I N G  S I T E  #2 

A .  EVA I 

O v e r h e a d  

A L S E P  

Travel ( 0.98 KM ) 

Science (3s) 

N o m i n a l  M i n i m u m  

N o m i n a l  M a x i m u m  

A l t .  Travel  

Alt. Science 

A l t e r n a t e  Minimum 

A l t e r n a t e  Maximum 

B. EVA I1 

O v e r h e a d  

Travel  (2.2 + 0.2km)** 
Science ( 1 1 s  + 7P + 3C + 0) 

N o m i n a l  M i n i m u m  

N o m i n a l  M a x h u m  

A l t .  T r a v e l  

A l t .  Sc i ence  

A l t e r n a t e  Minimum 

A l t e r n a t e  Maximum 

T i m e  ( m i n )  B t u  ' s 

132 2200 

80 1200 

20 400 

15 300 

247 (4.1)* 4100 

296 (4.9)* 4100 

- 

90 1500 

48 960 

2900 145 

283 (4.7)" 5360 

340 (5.7)* 5360 

- - 

* H o u r s  
**Adjustment for slope > 10' from Star R i m  t o  Star Center. 



TABLE I11 

SUMMARY OF EVA COSTS - APOLLO 13  

LANDING S I T E  #3 

A .  EVA I 

O v e r h e a d  

A L S E P  

Travel ( 1 . 6  km 

Science (2s) 

Nominal  M. n 

Time  ( m i n )  B t u  I s  

132 2200 

80 1200 

32 640 

200 10 - - 
mum 

N o m i n a l  Max imum 

Alt. Travel  

A l t .  Science 

A l t e r n a t e  M i n i m u m  

A l t e r n a t e  Maximum 

B. EVA I1 

O v e r h e a d  

T rave l  (1.95 + .2km)** 
Science (9s + 7P + 2C + 0 )  

N o m i n a l  Minimum 

Nom j- n a 1 Maxi mum 

A r t .  Trave l  

254 (4.2)* 4240 

305 (5.1)* 4240 

90 1500 

42 840 

- 120 2400 

252 (4.2)* 4740 

302 (5.0)* 474q 
1 

A l t .  Science 

A l t e r n a t e  Minimum 

A l t e r n a t e  Maximum 

* H o u r s  
* * A d j u s t e d  f o r  s lope >loo f r o m  S t a r  R i m  t o  Star  C e n t e r  



TABLE I V  

SUMMARY OF EVA COSTS - APOLLO 13 (5 )  

LANDING S I T E  #1 

A .  EVA I B t u / h r  T i m e  ( m i n )  B t u ' s  

132 O v e r h e a d  

A L S E P  

T r a v e l  

80 

19 

Science - 22 - 
253 ( 4 . 2 ) *  4400 N o m i n a l  M i n i m u m  1050  

- Nominal M a x i m u m  

A l t .  T r a v e l  30 

A l t .  Science 10 - 
A l t e r n a t e  M i n i m u m  1050 293 (4.9)* 5150 

Nominal M a x i m u m  

B. EVA I1 

O v e r h e a d  90 

Travel 55 

Science 

Nominal M i n i m u m  1050 

- 107 

252 (4.2)" 4400 

- 

- Nominal Maximum 

A r t .  T r a v e l  

- 252, (4.2)* 4400 

12 

A l t .  Science 

A l t e r n a t e  M i n i m u m  1 0 5 0  283 (4.7)* 4940 

A l t e r n a t e  Maximum - 

* H o u r s  
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